In the classic laboratory format, students follow detailed instructions to perform a lab and then turn in a formal report the following week. Typically, the students blindly collect data with the goal of finishing as quickly as possible. The night before the lab is due, they attempt to do the analysis, answer the questions, and write up the report. Due to lack of understanding, many tend to complete calculations incorrectly, resulting in inappropriate conclusions. Since they waited until the night before it is due, they don't have time to ask for help. During this process, many students either learn very little, or worse, they reinforce bad assumptions. To give students feedback, the instructor grades reports, spending excessive time finding errors. If the students are not required to revise the report, this feedback can go unheeded.
Introduction
Over the past few years, there has been increasing debate over the pros and cons of active learning in the classroom and many have moved away from the traditional lecture format. 1, 2 Laboratory courses by definition are a form of active learning. However, the traditional laboratory format is not always conducive to inspiring serious thoughtfulness among the students, and there seems to be room to make labs more mentally active. In 2005, Flora and Cooper reported an increase in student learning as compared to traditional experiments when they converted one of the experiments to inquiry-based from procedure-driven. 3 In a 2008 paper, Hsich, et. al., described some inquiry-based experiments that were added to a course, finding that student learning and attitudes were not shifted significantly, but cited various possible reasons and indicated that more study is needed. 4 In 2012, Sundararajan, et. al. reported generally positive learning and attitude results to two inquiry-based experiments and suggested that objectives and philosophy need to be clearly communicated to the students for these types of experiments to be successful. 5 In general, the education community has recognized that science learning has room for improvement. One initiative, termed POGIL, or Process Oriented Guided Inquiry Learning, has recently gained traction in both high schools and colleges. 6 In 2012, Douglas, et. al . reported on using POGIL in an engineering course and, as with other active-learning-type classroom use, determined that the methods can be successful, but the instructor must be careful to address student expectations, as students can feel that they are not being "taught."
Both authors have embraced active learning in their classrooms and were interested in finding ways to make a lab more effective. The first major change was to effectively "flip" the laboratory, requiring the students to do most of the work prior to executing the experiment. After mixed results, a move was made toward a more inquiry-based approach. Throughout this process, course assessments were completed mainly via course surveys and reported in Faculty Course Assessment Reports, or FCARs. 8, 9 Descriptions of the course structures with reflections and survey results as pulled from FCARs, results of a quiz covering the more difficult concepts, some information about grades, and some student comments are covered in this paper. In general, the authors believe that both new course structures improved student learning and the 2015 structure in particular improved student thoughtfulness.
Course Structure by Year
Both authors have taught this course in different years and both were dissatisfied with student learning outcomes resulting from the traditional style. There also seemed to be a lack of "returnon-investment" from the substantial grading load. They both reported in FCARs that changes should be made to better engage the students, both during the lab period and when they were doing the analysis.
Pre-2014
The experiments, manual, and instruction methods for this lab were developed and utilized from 1995 -2007 by one of the authors. This same author taught the course in those years and in 2009. In 2008 and 2010 -2015, the other author taught the course, starting by using the traditional style described below and eventually implementing the more drastic changes in 2014 and 2015.
By 2009, there were ten prescribed experiments. The students were divided into four teams. Two teams would each perform a different experiment in the first half of the lab period then the other two groups would arrive and repeat the two experiments. The next week the student teams would swap experiments. This cycle was repeated five times over the course of the semester so that each team completed the 10 experiments. During the class, the students followed step-bystep instructions and the instructor helped when the students had questions or had trouble with the equipment. Each individual student would turn in a formal lab report the next week for grading. The reports were based on analysis and discussion questions posed within the lab manual. At the end of the semester, the student teams designed their own experiments and presented their findings to the class.
In 2010, pre-lab assignments were added to the course and the writing component was removed from the lab reports and moved into separate writing assignments. The final lab reports were now more like homework assignments than reports. The pre-labs were mainly derived from questions in the lab manual that had been part of the final report in previous years. Students would bring the pre-labs to class and get them graded before starting the experiment. These prelabs seemed to help the students learn the material a little better, particularly because they received face-to-face feedback from the instructor. Although a direct grade comparison of the post-lab performance is not possible since the content and format of the final lab reports changed, there were still a large percentage of sub-par pre-lab and post-lab reports being submitted. The course structure was not changed significantly between 2010 and 2013 and the overall percentage of post-lab reports with grades below 75% was 27% during that time period. Additionally, since the program was growing, the total number of lab reports that the instructor graded over the semester went from approximately 200 in 2008 to about 300 in 2013. By 2013, the instructor felt that the student understanding as demonstrated by the pre-and post-lab reports needed to be improved and the grading load needed to be reduced. Both authors also felt that in traditional labs, the students were not learning as much as they should during the class period, mainly because they didn't know enough before the experiment, because they were given stepby-step procedures, which do not foster thoughtfulness, and because they were only in attendance for half of the period.
2014 Structure
In 2014, the lab was "flipped," meaning almost all of the work was moved to the pre-labs. The students were given fake or old data and were required to do all of the calculations, plots, and some of the discussion during the week before that lab was performed. Additionally, wrong answers were not accepted. Students had to get their pre-labs checked in face-to-face meetings with the instructor and anything that was incorrect had to be re-done and re-checked prior to receiving a grade. The grade was based solely on when the student was able to get it all correct and checked. The post-labs became just a matter of filling in a spreadsheet that was created in the pre-lab and answering a few questions. The post-labs were graded during class. Students stayed in class for most, if not all, of the class period. See Appendix A for an excerpt from the syllabus that explains the flipped lab format in more detail and Appendix B for an example prelab assignment.
Reflection
This flipped format certainly provided an improvement in student learning, however it had its own issues, the most troubling being the long waits that the students tended to encounter when trying to get their pre-labs checked. The following is the Reflection section from the FCAR:
What worked well: Needing to get the pre-labs 100% correct helped the students understand the concepts better and certainly made the post-labs drastically better. I felt that the students learned more and fewer were just going through the motions when doing the experiments. My post-lab grading time was cut to almost nothing. The field trip was great.
What didn't work as well: I spent A LOT of time checking and re-checking pre-labs and helping students. The lines were long outside of my office, so they spent a lot of time waiting to see me, and the time in the labs was hectic. Also, after the first round of pre-labs in each of the three sections, I think that there was quite a bit of copying going on. The grades were very inflated due to the pre-lab correctness requirement, but that doesn't really bother me -I'm just glad that they aren't reinforcing misinformation as much as they were before the 100% correct rule. I also think that I try to cover too much in each lab. I am going to try to cut the pre-and post-labs back to just cover the most important concepts.
2015 Structure
Knowing that the 2014 structure was not a good long-term solution, the instructor started brainstorming, discussing, and researching new ideas. At a faculty retreat some peer-review examples were presented that could be applicable. These came from instructor resources in a chemistry writing textbook. 10 A presentation by Leipold at the 2015 ASEE Annual conference contained quite a few innovative ideas that could apply to this lab. 11 See Appendix C for a handout from that presentation with one of the author's scribbled notes. Additionally, ideas came from a lecture / lab format for an Engineering Physics course. 12, 13 The resulting modifications to the course are listed here and partially described in the syllabus excerpt found in Appendix D:
1. CATME software was introduced to create teams and to administer peer reviews for teamwork for each lab and the project. 14 2. The number of labs was reduced from nine one-week labs to five two-week labs.
3. The pre-labs were pared down to something similar to the 2010 -2013 pre-labs (see Appendix E for an example) but the rule that the students had to get 100% correct remained. 4. All of the step-by-step procedures were removed from the manual. 5. Demo/Discussion worksheets were added for the first week of each lab. During the demos, the class would gather around the equipment while the instructor demonstrated its use and the students would predict outcomes and answer questions, either individually or in groups. Some data would normally be taken at this time. Many times, the data that was collected during the demo/discussion was similar to the data that the students had collected in previous years. A sample worksheet can be found in Appendix F. 6. After the demonstration was completed, the students were given three possible ways that they could use the remainder of the class period: completing a spreadsheet or MATLAB assignment individually, working on organizing their final group report, and/or figuring what data they would need for the following week. 7. The spreadsheet / MATLAB assignment was checked in-class during the week 2 period and contained analysis of the data that was collected during the demo/discussion period. Appendix G contains a sample spreadsheet assignment. Every student was required to complete these individually. 8. The final lab reports were changed to A3 format (actually on 11 x 17 paper) and were created by groups rather than individuals. 15, 16 Grades for the A3 reports included a multiplier from teamwork peer reviews that the students completed via CATME, as well as peer reviews that they completed for another group's draft A3 report (see below). An example lab report can be found in Appendix H. 9. The students were given an audience for their A3 format report and a story as to why they were making the report for each lab. These tasks typically went into more depth than was required in previous years. The audiences included a CEO, a co-op supervisor, a 5-year-old, some senior engineers, and a group of technicians. All five of these tasks are included in Appendix I. 10. In week 2, the students would use the equipment to take the data that they would need for their A3 reports. 11. At the beginning of week 3, 5, etc., draft A3 reports were due. The students would email the reports to the instructor prior to class. The instructor would print out the drafts on 11 x 17 paper and bring them to the lab. 12. Peer reviews of the draft A3 reports were completed by the students at the beginning of class on week 3, 5, etc, one week after the week 2 data was taken. The questions on the A3 peer review (see Appendix J) came in part from instructional reference materials from Robinson, et. al. 10 The instructor would scan the peer reviews and marked-up drafts during class, then return the originals to the groups who created the A3 reports. Final reports were due two days later. 13. Instead of the students presenting the material for their final project, they were each required to make a website to display their work. See http://davidschaub.wix.com/davidschaub as an example of a student web site. 14. Peer reviews were added to the writing assignment.
Out of the 2-week lab cycle, the typical pre-class and class periods would go as follows:
Before Week 1 class period: Some students would bring their completed pre-labs to office hours to get help and/or get their pre-lab graded. One person from each group would email the group's draft A3 report to the instructor who printed them on 11 x 17 paper.
Week 1 class period: The instructor brought the printed draft A3 reports to class. The groups traded reports and then complete peer reviews. This took about 20 minutes. While the students were completing the peer reviews, they were given several handouts: the Demo/Discussion worksheet, the spreadsheet / MATLAB assignment, and the task for the next A3 report. The instructor collected the peer-reviewed reports then, using a rubric, graded any remaining prelabs, giving either 100% to those that were completely correct, or checking off correct portions and indicating which items still needed work. The students would then gather around the equipment for the Discussion/Demo portion of the class. The demo portion took approximately one hour. The remainder of the period was used to work on the spreadsheets, work on A3 organization, or to discuss the data needed for next week's lab. The instructor used this time to scan the peer-reviewed A3s into pdfs for grading and to help the students as needed.
Week 2 class period: After discussing their plans with the instructor, the groups took turns taking the data required to complete the analysis for their A3 report as specified in the task handout. The students would either work on the background information for their report, start the calculations, or work on their final project during their downtime when it was not their turn with the equipment.
Twist Added to One of the Labs
The task for the wind tunnel A3 report was to describe why golf balls have dimples to a 5-yearold (see Appendix I). After handing out this task in class, the instructor realized that a couple of the other engineering professors had young children and one of them might be interested in reviewing these A3 reports. It turned out that one of the professors actually had a 5-year-old, Owen, that could both read and write; so it was decided to allow him to "grade" the reports and some portion of the students' grades would come from his assessment. Industrious students asked about Owen's interests and a lot of these appeared in the reports (mainly Legos and dinosaurs). Appendix K shows the letter asking for Owen's help and Appendix L contains a "graded" report along with his mother's notes. After the 11 groups turned in their final reports, the instructor printed them and gave them to Owen along with the letter asking for help and some emoji stickers that he could use to "grade" the reports. For his contribution, Owen was given a small golf club and some golf balls. When Owen received the reports, his mom spread them out on the floor and took notes while Owen reviewed them. He indicated the order that he chose to review the reports with a number emoji sticker on the bottom right corner. One to five bonus points were added to the A3 grade based on Owen's feedback.
Reflection
From the instructor's point of view, the 2015 format was quite enjoyable. It seemed that the students were much more engaged while in the lab and the grading time as well as the student interaction time was much more reasonable. The following is the Reflection section from the FCAR:
What worked well: In-class time seemed to be much more productive than in previous years. The students used the whole period and seemed much more engaged in the experiments. For the water tunnel and pipe lab, all of the groups needed to spend some time at the beginning of class figuring out what data to take. It forced them to put thought into the lab and also showed me where they struggled. I was surprised that some didn't know what frequency was. CATME was great for creating teams and for collecting peer reviews. One of the teams had a dysfunctional member and I was able to detect it early in the semester. It also helped offset the worry that one team member would do all of the work on the reports. The grading load was reasonable. I liked the two-week schedule -it was much less hectic and I was able to delve into some interesting topics such as unsteady CFD. I was surprised how much Owen's grading affected the students. On previous labs, the students took audience consideration as more of a suggestion than a real requirement, but they put much more thought into the report knowing that an actual 5-year-old would see it. I also liked the A3 report format. Since there was limited space, the students had to think a bit about how to organize their work. I think having them create a website to display their projects was a good idea because they learned how to create the site, but the project reports on the websites were a bit underwhelming.
What didn't work as well:
It took some time to come up with the Discussion / Demo worksheets and tasks and to debug them before class, but the time was available since the report grading was reduced to 55 A3 reports rather than 300 regular reports. Many times the students came to week 2 without a clear plan for data collection or really a good understanding of the task. This wasn't really a big problem since there was plenty of time to talk it through with each group during class. The main issue with this class was the project. Because of the additional projects recently added to the gen-ed courses, the students were overwhelmed at the end of the semester and had trouble putting in the time to do a good job on the project. Also, the pipe task was too difficult, it should be cut down to just finding Q given P for straight pipes.
Assessment
Assessment was implemented via student grades, student surveys, and, for 2014 and 2015, a pop quiz given on the last day of class.
Percentage of Report Grades Below 75%
In 2010 -2013, 27% of the lab reports received grades below 75%. In 2014, 5% of the pre-labs (which contained most of the material) and 5% of the post-labs (which required minimal work) were below 75%. This was expected since the students had to keep reworking all of the pre-lab material until it was correct, and would only get below 75% if it took them an extra three to five days to finish. In 2015, 10% of the A3 reports were below 75% and 35% of the spreadsheet assignments were below 75%. This was also expected because the A3 reports were group reports and the spreadsheet assignments were graded in-class on a stringent scale so that there could only be minor errors to get above a 7 out of 10. Since the content and grading style changed so much over the semesters, not much can be concluded from these grades. However, in both 2014 and 2015, the instructor no longer was grading large numbers of poor lab reports.
Student Surveys:
In 2011-2013, student surveys were administered asking which of the 9 or 10 experiments they liked the best, what they thought of the pre-labs, what they liked about the lab, and suggestions for improvement. The students' answers to what they liked best and suggestions for improvement didn't change much each year; they tend to like the hands-on aspect and certain experiments more than others. The question about pre-labs and the results are shown here: Do you feel the pre-labs helped you understand the labs? In 2014, the end-of-semester survey was changed and the questions in the following grid were asked, along with questions about what they liked best and suggestions for improvement. The students' answers to the things they liked best and suggestions for improvement didn't change much from previous years. There were, however, seven students who commented on the long lines they encountered while waiting for pre-lab grading. Here are the results of the targeted questions. I liked the fact that I had to get all of the pre-lab problems correct before getting a grade.
110 5
The discussion worksheets helped me understand the topics. I learned from other groups A3 reports when I did peer reviews.
27 3
Peer reviews of my A3 helped me improve my report. Most of the comments were positive, but a few would have liked the A3 format to have a more definite structure and eight students said the tasks were not clear enough. Here is on one of the comments:
"More direction on the lab up to 30 minute were used just to understand what to do."
The instructor actually takes this comment as a positive because now the students had to "understand what to do" rather than just follow instructions.
In response to the question about Owen (the five-year-old) helping with the grading, there were 8 positive comments, 6 negative, and 6 with mixed feelings. Most of the negatives were that it was too difficult to write the report for someone that young.
Here is a positive comment:
"Good way to make you realize you have to know your stuff to explain it to a 5 yr old! Not as easy as it sounds!"
Here is a negative comment:
"It was difficult to explain to a 5 year old something we had just learned in our junior year in college. He would never understand."
Note that both Owen and his mother reported that after reading the eleven reports, they understood why golf balls have dimples and what drag and separation are.
Quiz Results
In 2014 and 2015, the instructor put a pop quiz on the student survey. This quiz covered the main topics that students typically answered incorrectly in lab reports (see Appendix M for the questions). Unfortunately, the quiz wasn't administered prior to 2014, so it can't be directly used to assess learning due to the 2014 changes, but it can be used to compare the 2015 structure to the 2014 for the five experiments that were completed both semesters. The results from 2014 and 2015 are shown in figure 1 . Note that these questions were in the same order as they were completed during the semester, and students were less likely to remember the topics covered in the earlier labs. Also note that the 2015 class spent two weeks on each lab but the 2014 students had just one week per lab. 
Discussion and Future Directions
The main purposes of restructuring this lab were: 1) increase student learning, 2) increase student inquiry and thoughtfulness, 3) use the in-class time more efficiently, and 4) reduce the grading load on the instructor, particularly the grading of poorly-executed analysis within lab reports, resulting in incorrect or generalized conclusions such as "human error."
In 2014, the lab was "flipped," in that most of the work was moved to the pre-lab. The students were also required to keep working on the pre-labs until they were completely correct. Since the students needed to meet with the professor to get the labs graded, there was much more student interaction than in previous years and the students seemed to learn much more. Only about half of the students reported that they liked having to rework the pre-labs until they were correct, but 26 out of 31 reported that they learned more. Note that 26 out of 31 students also reported that they spent more time outside of this class than in a Strength of Materials lab. Interestingly, a few of the poorer students were motivated by this structure and performed better in this lab than in their previous courses. The main issues with this format were: 1) the students had to wait in line for time with the instructor and most did not use this time productively, and, 2) even though they were armed with more knowledge when performing the experiments, the students still tended to mindlessly follow the lab procedures during class. The outside-of-class time for the instructor remained about the same as in previous years but about 3 of the 5 hours of grading per week were replaced with face-to-face interactions with students. The authors believe that this format worked well, but could use a few tweaks, such as adding group instructional sessions to help with the pre-labs, revising the lab procedures to encourage more thoughtfulness, and possibly reducing the number of experiments.
For 2015, the instructor applied some of the ideas gleaned from the 2015 ASEE conference such as going to the 2-week schedule, using A3 reports with peer reviews, targeting different audiences, and adding an interactive lecture. 11, 12, 13 Additionally, the students were required to create a website to present their project and, in order to require more thoughtfulness, all of the procedures were removed from the manual. The demonstration worksheets replaced these procedures. Once the students figured out what data they needed to take, using the equipment was rarely a problem. The number of labs was reduced and each of the topics was investigated in more depth. Student learning stayed high and the 2015 students did better on the end-ofsemester pop quiz than the 2014 group on most of the questions. The students also reported that their out-of-class time was more in-line with the sophomore level Strength of Materials lab. In 2015, the pre-labs were much shorter and again about half said they did not like having to get all of the answers correct, but this year about half also said they didn't learn more because of this requirement. There were mixed reviews on the A3 format with 23 out of 35 liking it. Some said they would have liked more guidance on how to organize the sections and some said it was too hard to fit everything on one sheet. The instructor found that grading the A3 reports was much more enjoyable than grading typical lab reports. The peer reviews seemed to be a success with 32 out of 35 saying they learned from other teams' reports and 31 out of 35 reporting that the peer reviews helped them improve their A3 reports. Most students were glad they made the website, but most did not plan to use it on their resumes. Two students suggested that a LinkedIn profile could be used instead. The students had mixed reviews on using CATME to rate their partner's work, however the instructor found it very useful and was able to intervene early in the semester when one of the groups turned out to be dysfunctional. The project for the 5-year-old was interesting. Owen was an honest and harsh critic. The instructor was surprised how much more thought went into the A3 format when an actual 5-year-old would see it. The main issue with this particular offering wasn't due to the new structure, but to the student time constraints at the end of the semester resulting from curriculum changes and other classes.
Overall, the 2015 course structure met the objectives much better than the 2014 and traditional structures. The instructor plans on using this structure again with a few modifications such as removing the project (since the end of the semester is too stressful for this group of students), adding a practice A3 report, and creating a less stringent rubric for the spreadsheet assignments. Since having a five-year-old help grade the reports caused the students to take the audience more seriously, something similar may be used in the future, possibly asking an industry representative to give input on one of the reports or again involving another child "grader."
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COURSE RULES:
1. Pre-lab worksheets are available on Moodle for each experiment. These will be due by the end of class the week before you do the experiment. Here is the procedure that you should follow for completing the pre-lab: a) More than one week in advance, you should download the pre-lab for your assigned experiment, read the lab manual section, and review the relevant course material. Also complete the pre-lab as best you can, following good formatting practices for tables and graphs. b) Go to the professor's office hours and get any help you need on the pre-lab before you go to class. c) While in class, besides completing a different experiment, you should also get the pre-lab for the next week checked and/or get help on the parts that are not yet correct. You can either bring a laptop with you to class or borrow one during class to pull up your pre-lab. You will not have to print it out. If you get the entire pre-lab finished correctly before or during class, you will receive a 100% on the pre-lab. After class and each school day afterwards will result in a 10% deduction, for up to 5 days. If the pre-lab is not completed correctly and accepted by the time the 5 days have passed or it is time to do the lab, the pre-lab and the lab will be given a 0% and you will not be able to perform the associated experiment. 2. While completing the lab, reference your pre-lab and be inquisitive. Remember that you are supposed to be learning something, not just going through the motions. The instructor will normally be asking you questions about what you are doing while you are completing the experiment. 3. Post-labs will normally just involve putting your actual data into your previously-developed spreadsheet or MATLAB script and finishing the Questions/Discussion portion of the pre-lab that dealt with your actual data. Normally you will have time to do this during the lab after finishing the experiment. Bring them to the instructor during class to get them graded. You will not need to print out the post-labs. If it doesn't get finished during class, it will be due the next day. 4. Students must follow all the prescribed safety rules associated with the equipment. 5. After completion of the required laboratory procedures, students are encouraged to explore other concepts and ideas if there is time. However, any use of the laboratory equipment beyond the scope described in the laboratory procedures must first be approved by the instructor. 6. Additional rules are given in the laboratory manual and must be followed at all times.
GRADING:
Pre-laboratory worksheets 55% 
